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EXFNOLQJ FDSDFLW\ RI WKLQZDOOHG F\OLQGHU LV DGGLQJ VWLIIHQLQJ ULQJV LQVLGH RU RXWVLGH WKH F\OLQGHU7KH VWLIIHQLQJ
HIIHFWVKDYHEHHQGLVFXVVHGLQDQXPEHURISDSHUVLQWKHDVSHFWVRIWKHVKDSHVL]HDQGVSDFLQJRIWKHVWLIIHQLQJULQJ
$QG D VHULHV RI UHVXOWV KDYH EHHQ VXFFHVVIXOO\ DSSOLHG WR HQJLQHHULQJ GHVLJQ >@5HFHQWO\$60(%	3&RGH
9,,, >@DQG(1>@SURSRVHG WKHGHVLJQPHWKRGIRUERWKODUJHDQGVPDOO VWLIIHQLQJULQJ LQ WKHGHVLJQRI
VKHOOV XQGHU H[WHUQDO SUHVVXUH $ ODUJH VWLIIHQLQJ ULQJ LV WKH VWLIIHQLQJ PHPEHU KDYLQJ D VWURQJ DQWLEXFNOLQJ
FDSDFLW\VXFKDVFRQYH[KHDGDQGIODQJHZKLFKJHQHUDOO\GRQRWEXFNOHZLWKWKHVWUXFWXUH$VPDOOVWLIIHQLQJULQJ
KDVDZHDNHUDQWLEXFNOLQJFDSDFLW\FRPSDUHGZLWK ODUJHVWLIIHQLQJULQJDQG LVSURQH WREXFNOH WRJHWKHUZLWK WKH
VKHOO/DUJHVWLIIHQLQJULQJVSOD\DVVXSSRUWLQJOLQHVDQGVPDOOVWLIIHQLQJULQJVDUHXVHGWRLQFUHDVHWKHDQWLEXFNOLQJ
FDSDFLW\RI WKHF\OLQGHU$FRPELQDWLRQRIODUJHDQGVPDOOVWLIIHQLQJULQJLVEHOLHYHGWRUHGXFHWKHVWLIIHQLQJULQJ
VSDQV DQG UHGXFH WKH VL]H RI VPDOO VWLIIHQLQJ ULQJV 8QIRUWXQDWHO\ WKHUH DUH RQO\ D OLPLWHG QXPEHU RI SDSHUV
FRQFHUQLQJ WKH FRPELQDWLRQ RI ODUJH DQG VPDOO VWLIIHQLQJ ULQJV %DJKHUL HW DO >@ RSWLPL]HG WKH ULQJ VWLIIHQHG
F\OLQGULFDO VKHOOVXQGHUH[WHUQDOSUHVVXUHDQGD[LDOFRPSUHVVLRQE\DJHQHWLFDOJRULWKPDQG IRXQG WKDW VWLIIHQLQJ
ULQJV ZLWK GLIIHUHQW VSDFLQJ DQG VL]HV FDQ LPSURYH YLEUDWLRQ FKDUDFWHULVWLF DQG UHGXFH WKH VWUXFWXUH ZHLJKW






DQG FULWLFDO SUHVVXUHV RI WKH WKLQZDOOHG F\OLQGHU ZLWK FRPELQDWLRQ RI ODUJH DQG VPDOO VWLIIHQLQJ ULQJVZKLFK LV
H[SHFWHG WR EH KHOSIXO IRU WKH VWUXFWXUDO RSWLPL]DWLRQ RI ULQJVWLIIHQHG WKLQ ZDOOHG F\OLQGHU ZLWK WKH JRDO RI
OLJKWZHLJKWGHVLJQ
%XFNOLQJ DQDO\VLV RI WKLQ ZDOOHG F\OLQGHU ZLWK FRPELQDWLRQ RI ODUJH DQG VPDOO VWLIIHQLQJ ULQJV XQGHU
H[WHUQDOSUHVVXUH
2.1. FEA model 
7DNHD WKLQZDOOHGF\OLQGHUXQGHUH[WHUQDOSUHVVXUHDVH[DPSOHWRVWXG\WKHEXFNOLQJFKDUDFWHULVWLFVZKHQLW LV
VWLIIHQHGZLWKWKHFRPELQDWLRQRIODUJHDQGVPDOOVWLIIHQLQJULQJV7KHWKLQZDOOHGF\OLQGHULVPDGHRI45ZLWK
RXWHUGLDPHWHUDR PPDQGOHQJWK L PP7KH7DQG/VKDSHVWLIIHQLQJULQJVDUHZHOGHGRXWVLGHDORQJ
WKHD[LVRIWKHVKHOODVVKRZQLQ)LJ7KHZLGWKRIWKH7VWLIIHQLQJULQJB PPDQGWKH7VWLIIHQLQJULQJVSDQ
L7 PP7KHZLGWKRIWKH/VWLIIHQLQJULQJB PP7KHWKLFNQHVVRIVWLIIHQLQJULQJtV PP%RWK7DQG/
VWLIIHQLQJULQJVPHHWWKHUHTXLUHPHQWVRI$60(>@IRUWKHODUJHDQGVPDOOVWLIIHQLQJULQJV
%RWKVKHOO DQGVWLIIHQLQJ ULQJVDUHPRGHOHGZLWK6+(//HOHPHQW LQ$16<6DVVKRZQ LQ)LJZLWK WKH
HODVWLF PRGXOXV E  *3D SRLVVRQ






















2.2. Buckling pattern and critical pressure of thin walled cylinder with combination of large and small stiffening 
rings in different sizes 
)L[LQJWKHVSDFHRIVWLIIHQLQJULQJVZHFDQJHWWKHEXFNOLQJSDWWHUQDQGWKHFULWLFDOSUHVVXUHRIWKHVWUXFWXUHZLWK
GLIIHUHQWULQJVL]HVE\FKDQJLQJWKHVL]HRI7DQG/VWLIIHQLQJULQJV,QWKLVSDSHURQO\HDQGH KDYHEHHQFKDQJHG
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NODAL SOLUTION
STEP=1           
SUB =1           
FREQ=2.30345     





DMX =1.00001     
SMN =.107E-04    















STEP=1           
SUB =1           
FREQ=1.7394      





DMX =1.00751     
SMN =.585E-05    














STEP=1           
SUB =1           
FREQ=2.9358      





DMX =1.00289     
SMN =.239E-06    














7KH UHODWLRQVKLS EHWZHHQ WKH FULWLFDO SUHVVXUHPFU DQG WKH VWLIIHQLQJ ULQJ VL]H LV GHSLFWHG LQ )LJ  LQ ZKLFK
EXFNOLQJSDWWHUQERXQGDULHVDOVRFDQEHVHHQFOHDUO\7KHUHDUHWZRREOLTXHSODQHVFRUUHVSRQGLQJWR%3,DQG%3,,
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
7KHUHODWLRQVKLSEHWZHHQWKHFULWLFDOSUHVVXUHDQGWKHGLPHQVLRQOHVVVWLIIHQLQJULQJVL]HLVLOOXVWUDWHGLQ)LJ
$FFRUGLQJ WR )LJD WKH FULWLFDO SUHVVXUHPFU UHPDLQV FRQVWDQW ZLWK WKH FKDQJH RI IEIVZKHQ IEIV> RU
IEIV<:KHQİIEIVİ NHHSLQJ IEIV FRQVWDQW WKH FULWLFDO SUHVVXUHPFU ILUVWO\ LQFUHDVHV LQ D OLQHDU
ZD\ZLWKWKHLQFUHDVHRIIEIVDQGEXFNOHVLQ%3,DVVKRZQLQ)LJ$QGWKHFULWLFDOSUHVVXUH PFUWKHQUHDFKHVD
VDWXUDWHGYDOXHDVIEIVLQFUHDVHVWRDFULWLFDOYDOXHLQGLFDWLQJWKHVDWXUDWHGVWLIIHQLQJHIIHFWKDVEHHQUHDFKHGE\WKH
ODUJH VWLIIHQLQJ ULQJ +RZHYHU ZKHQ IEIV PFU FDQ GLUHFWO\ UHDFK WKH OLPLW SODWHDX YDOXH RI WKH VWLIIHQHG
VWUXFWXUHZLWK WKH LQFUHDVHRI IEIV:LWKLQ WKHSODWHDX WKH VWUXFWXUHEXFNOHV LQ%3,,,DV VKRZQ LQ)LJ:KHQ
IEIV<WKHVDWXUDWHGFULWLFDOSUHVVXUHWKDWFDQEHUHDFKHGZLWKWKHLQFUHDVHRIIEIVLVOHVVWKDQWKHOLPLWSODWHDX
YDOXHDQGWKHVWUXFWXUHEXFNOHVLQ%3,,DVVKRZQLQ)LJDIWHUWKHFULWLFDOSRLQW
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   u  uT aL N   
7KHGHVLJQYDULDEOHVDUHFRQVWUDLQHGZLWKHTXDWLRQWRHTXDWLRQ
 d dH   
 d dH   
 d daN   
'HILQHORDGFDSDFLW\IDFWRUĮSDVHTXDWLRQ








IL[LQJ H  PP DQGND WW LQFUHDVHV OLQHDUO\ ZLWKH ĮS LQFUHDVHV QRQOLQHDUO\ ZLWKH 7KH NQXFNOH SRLQW
GHWHUPLQHGE\WKHLQWHUVHFWLRQRIWKHWDQJHQWLDOOLQHVRIĮSLVUHFRPPHQGDVWKHLQLWLDOYDOXHIRUIXUWKHURSWLPL]DWLRQ
>@ZKHUHH PP ,Q VLPLODULW\ DFFRUGLQJ WR)LJEE\ IL[LQJ H PPDQGND WWLQFUHDVHV OLQHDUO\
ZLWK H ĮS LQFUHDVHV QRQOLQHDUO\ ZLWK H 7KH NQXFNOH SRLQW LV UHFRPPHQG DV WKH LQLWLDO YDOXH IRU IXUWKHU
RSWLPL]DWLRQZKHUHH PP$FFRUGLQJWR)LJFE\IL[LQJ H PPDQGH PPWWNHHSVFRQVWDQWZLWK
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NODAL SOLUTION
STEP=1           
SUB =1           
FREQ=2.52697     





DMX =1.00007     
SMN =.157E-04    











)LJ%XFNOLQJSDWWHUQZKHQH H DQGL7 
6HWWLQJ WKH LQLWLDO YDOXH DV H  PP H  PP ND  VXESUREOHP PHWKRG LQ 237 LV XVHG IRU IXUWKHU
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